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L/ 



_Jm .1 /A/ 



(2) 



1-510311 



i. 

miBia»©«kfpxa^*^»»srijicj>-r5xa*r*tp 

* Ai&K 2 R u C 1 5 • H 2 O Sr-S-A/T?*3 «9 , 

«^-r^xa^^tp 



( 3 ) 11-510311 

10. ti^ri9ic|E«co^(c^v>T, 
1 1 . y<y^r^^t, 

1 2. fft^rfi i \zmm<DmwmnLmm\cte\,^x. 

1 3. y<y *^Vk s 



(4) «F*¥ 11-510311 

*m 7L x * 6 Kftmaun mfe 

r £ri§ o T L^ffi £ C £ Srffljki- 5 ®3k<D h 5 »"C«*P $ tlX V ^ 

17. m^mi e^mm^mnm.mmmm^^^x, 

18. '<y*^»»*r»3iafc, 
l»**J-Cftlt5XSt t^^-Cft 0 , 

>X£>Z> 

20. IS*^1 9«d|EttC0^fC*5V^r, 



(5) 



11-510311 



21. IS*JS2 0tcE*©*fetc*3V^-c, 
2 2. «#Sl9i:Et©*S"C*ot, 

23. a*si8iiiE«o*S-efcot, 
HulEftiftxSds. iWIE^y^^^WW&^fr^HFV^EK+SXS^tp 



2 4. »3ftig2 3iCfS*©*fe^*3V^T. 
2 5. »*«2 2JC8E*0*jfeT**>oT, 

2 6. tolTO^Aft^Iih 



(6) 11-510311 

2 7. SS#JS2 6^E«^>*ifetC*5V^r, 
28. BI*3S2 7tcE«05*jSfejC*3V^r, 

Aft gB® l «"«• £ ^ l 4 V ^HMPJ £ ffi v> X «l mm 2 «-»*3Sfe»l»*i-6Ct^ 

3 0. »*«2 9{CfESc^^tCjo^r, 

wimm&umtf k o h & m ^ r huiet ^ * =. v a & v&^-t 5 1 <n x 

3 1. If*3l3 0JClB*W*ffiJCS3V^-C, 
3 S ft £ #i" 5 # y - K«tt £ « T ft «9 , 



(7) 11-510311 

3 5. Bl*«3 4«cE«lo*»fc:*5V^r, 

ifulEil 1 <D~7UXJLM& 1 0 0 0-1 5 0 0 ps i <DmX'Jt<DWn&JWf±-t% 

ism, 

HMEJnfttxa# 14 0-15 OtfcM^J^S-frSxaSrSt* 
3 7. />*< <b try- Kfttf#y- K««*. 

mjfSy n y — yu u-y > f> ti, itufE— ^^m^fc^ LT}f Loit btit 



(8) 



11-510311 



fS^P-^^-/u K«*limiB«»flWe«i:jgaLr*5!9, 
MS co -o Sr iE^f^St" 6 h <o xfr 3 

3 9. If^3 8tC|E«fetD^m?&(^V>T, 

ocom^f-jf Lottbtt, tifiE^n— ^ 4—>v Fm^mmiftrnzmt) m/vx*te 



(9) WS¥ 11-510311 

^(7)tU^{^ 1 9 9 3^10^12 0tC|±!^^tL^|l#rFm^O 8/13 
5, 0 0 7^1^1^ 1 9 9 5^6^ 7 0(CtHM$tl/c*|g#f^m^^O 

s/4 7 8, o o \^(D~*$mwtmmx-ihz> 0 
nmmzm^Ltzo :©ei(i(7)±iiJiit n^^^m^nm 



0°) 1-510311 

&&&&&&& Slktz*) ft < f9 "C^ sa«SrSfti--5 4>^T-fc5 0 



( 11 > ftm^l 1-510311 

^I4m^^ Sffi ^ "C ffi Wf gftt o T ftsfti- S 0 

o 

H7« % w^»w©y<>r^u-h«jBojiii*iis«tiifc*i-. 

01 Oil, > 'Mr^T-flH^fca&lcJiaS^ 

[Hi 2tt, :«CJ;5^/-/H«:^o[t^Ka7-^ 
mi si*. *«^^"J*<z>!B2jtlB««Sr^i-tt:*:ia-c*>-6. 



(12) 



#^^1 1-510311 



»£L<I4 DuPont (D-ry^Jrls (Nafion) 1 1 7ii\ # JJ 

TV— Ko«*tt*i«a6SMCD*«fett, *S1£ ( fC8lj ) £:$ir»B«£JH 
ossover) < &<5 0 

n h ^eWtt*^^-^X««»Sri« 1 8 Sr*i-5ffift:»»*«lR3|s|-«?& 1 0 £^ 

#y^-«AMMli 8(4. »*L<j4*-©#jng^«igflc-efe«9. 

3t*fcJ4^<Z>J£*iS&2 6t5n ^v^i/l 2^©^y- 2 8 (O^ld^f £ 



(13) 



1-510311 



LTflUft^ft, — £\ »**fctt^«tt*y— K^2 8F^(C^>^(iii||$^y 

Kl 6©IBfc«KS*iS^ W^lMWry-Kl4t*gr^ 
^<7)mMil7c^^y— Ki 6t^:6o r y — K£#y— K-crcoJ: 5**ft 

#y— Ki 6T-|i$e^tL5 0 ry-Ki 4 t^Lfc*i-<^yos u t>> 
±15(7) j; 5^ ry-Ki4, ^y-Ki 6^<tr^j^i — 

7f2j&£*l5o ^^SftGO^igti, ^IWCabot Inc. Wif^Vu 
lean XC-7 2A<Oj;54tt»T?tJ:^ 0 l^MI^tWi^^g 

or ay (ffiff) -:-^-^«S^y y^i/- h t LTf ffl$tl5 0 Tor a 



< 14 ) 1-510311 

t^7fH77;^A^E-Tek, Inc. WbAf T*^ <5 0 fcS^fi 

0. 5~4. Omg/cm 2 (OW^t^ 0 SAl U"</MS, {g;V * «fc 9 

Tl^o Kl Rl Kl 4 £ teS#<ffl<Offi(C*S^£;h,fc* 

fi*«a*fcl4fi»*ifi^eA^*fi8i-5^i:dS#*Ui^ ^H^J ohn s o 
n Matthey Inc. ttJ&>& A#^# S#fi»*3t<DG£Jil (JK»*tt 
K) *fc|j:*ia)E-Tek Inc. f±*>ib A^T*£ 5fi«F«igC0 

W»##y-K«lciiLT^5 c r;-K^»^J:5(:, #y-Kffl*>&JiMa 

^y^±tcAffif*r5fttt, L< tt, 0. 5-4. 0mg/cm 2 (Oilr'fc 

6 Q «Sttt^&^j^*«*i(7)^s/^r^^{±, 10-50li%(Df7ny (fg 

fNK^ii, m&^mfco. 5~3. o^/u/y y h/i><DMtyRx$7k<Dm:ityo ( 
ia^jS>js«effl$n5o «»i*©»*ws7/- ki 4&iiiSL-c«srr5,t 



(15) 



4$^*P 11-510311 



CH 3 OH + H 2 O^C02 + 6H + + 6 e* (l) 
(B2Sr#»LTKTI^ttBt5) . ^^^201^^ 

^y-K: Oz + 4H + + 4e H2O (2) 

55 (1) £ (2) T*$ns<B*o««R«*cJ:or.. W^Wft^^y— yHB 

■»:CH30H+l. 5 02-*C0 2 + 2 H2O (3) 
+^tCi^^»S<Oi^i|SfT% 5 0 0 mA/ c m 2 X *) M** ^MM® m&mft-f Z> Z 

^fifl»5*»N-<Z>^Sli£* (crossover rate) ri^ -t<^^3|SHI?&(7)Si*^ftSCWtt 

1 0 0mAXcm 2 ^COll^S^I51^^ti6 o <&V>«ftftA0» 

Sf£L<te, 1 o~3 0 P s i g ©«i©E*T-e*y- 



< 16 ) 1-510311 
x rjKA^gb (fuel crossover) J tTO6 0 «S©8il:J:ot, &3ift4£ 

y- KI2 2 0*^S«at**6r t*s-C*5o 



< 17 > #^¥l 1-510311 

Ty— Kl 4T*£j*Lfc:7 P n h >*3 j:rj*# y— Kl 6-C*J«Ufc*H:, :/n h 

, 0. 05-0. SmmCDmrnt-rZo 0. 0 5 mm J: i 

tttt»«ds*ofcK«iT-fcv:/jj tfts-EUBtt^sfcij, — ;fro. 5 mm £9 J? 

, 1 o hm- 1 cm- 1 J:*)*#<ftJtixtfft&ftV\ 

rt*s*a*ixfc*s, -j-^a-v (mm) t^mmmi^x^^, a c i P 1 e 

x (jS«) (B^COA s a h 

i Glass Co. *fc§8ig) 9 ^^7;UtDf^/^y^!i 

COJBI. fciOtiODow Chemical Co. *±tfS»J§ It ^ 6 # ]) i> 
— WttfXUS 1 3 2 0 4. 1 0 fcfU/H-C#<5o ^yxfuy^y^p 

*<D*/U/fc:^iMg0>JR («»J^.^*g|(7)R A I Corporatio nttd* 



1-510311 



7 J - V CH3OH + H 2 0 = 6HHC0 2 +6e- 
* V - K 1. 5 0 2 + 6 HH6e - = 4H 2 0 

lEGfc CH3OH + 1. 5 0 2 = C 0 2 4- 2 H 2 0 



(19) 



1-510311 



H2PtCh-6 H 2 O££|&£-S:5 0 

*<^## o nr ^^-/u-r^r> a (i i i) C7>;£ y yuy-- r^^jgco 

K2RuC l 5 • H 2 O£r3£j&£it£ 0 

1 2. 6 7 2 ^7A^)^opM^ h b 0 ^ 13. 9 2iy7A(D^^n 
P7^^f^!)A(D^ y ^Ato^Ml^/WM^G 0 0ml tU^i~ 

#;v>T\ rco^i^^^y— l^im i mtzV i 4 o^7A^ithy 

A (NazCOs) 2 0 - 3 0 tW^^rMt^llOt 5 ^ <!: ^ ^fPLTtf: 
#C^T\ ~<D r/^fe(7)^^a (grey powdery mass) J WILT, ^(D^ 

y y — frh**^/<tfu~ hi~z> 0 rco^^/^L — hf-ii 1 B#r B i^^L2B#r H i7)^ 



(20) 



11-510311 



r <DR&<Dffij£(Dik¥W)ft^m^n, Tkmit/^-t^Ru (oh) 3 , * 
mt&&=pt (oh) 4, ru r^t^kobo (gunk) j -tt£t>ibmtm. 

^7c£-tf:6 0 ^<Djf*\3^ S5>5 0 — 2 0 0m 1 watiS-C/K— h<7?_hSrSE$tL5 



(21) 



^r^W- 11-510311 



(i, WfflCi:oTtftfe5o t^L^^^, Ztlb<DmtVo 



So 

> (T i O 2) , 4 y WJ± ( I r ) ^//Xdt^ ^ (O s) T«LT 

fcmmom^ titm-tz t . z<D^m^n^tzhi^^mtz^tzm^^-r 0 



( 22 ) 11-510311 

(ink) j Kft3 0 r<Z5^«B*^|E«-t-5 J; Ztiiza&^mk^r- 

J»lZtt1rZ>%-lk LVMfc^J*, 6 0/4 0 £ 4 0X6 0<£> RUT' fear kfr^rtx 
ftfi^ttlgfi, 6 0%co^^i: 4 0%c7)^x^^A(7)^^(c#btu6^:# 

7y-KT*gw5S)6tt, CHsOH + HzO-^CO 2 + H + + e--e#>5o ^ 

K?i^j»iLt, M=C-OH (MI4, P t hOftfe«E) +3 

H^Mt6 D Ate, tKcO^T- (HOH) 75^7K*Sr«PPBILT, M- 



(23) Vf&W- 11-510311 

OHWtSo Z.tLh(D%:mz.-foZ>i><Dfc, &1/>T\ C O2 + 6 H ' + 6 e - t 

*PBii-6r ^we#5, ^7v^^, n^r)A^ n/Vuh, 

Rtf=y4 r A'*£\ e40ftf»Sraffltfco ^y7r> (M0O3) , ~Jr\? 
VMs (Nb 2 Os) , v?/U=i^^A (Zr02) , Mov 5 ^^ (Rh) fc, H- 
OHSrWBILrM-OH^-*-6ttftiS*>SJ:5"X?*)So Lfcj&SoT, 

.HHJItt, Ru, Ti N Os, Ir, Cr, ^/XliMn^W^o 

ii ^*A£ffi*rJt-05 0-2 5-2 5-cm^*3-frfet>WS:ftfflLTV>5o r*L 
tt, IH 2 I r C l 6 ■ HzOSrJilElCiEgc Lfc*^**^, 50-25-25 
(Pt-Ru-i r) <Dm&&k-fZ><nizm^tzmX'ffiJjnlrZ> 0 
£fc. rcottJgte, J: f9'>&vvu^ = £A£H£^L-C. Site 5 * < «b< r 

*W y^n^^ KSfcttT i C l 4Srfc5c«>a**tcJ6*n"r5w ttf-vzz 
tLt)5 0- 2 5-2 5 (Pt-Ru-TiOz) »»-&-fr{C»filt $ tuT^5 0 
zO s C l e • 6 H2 0t LTI^lCtt^tL, ^tbi^ 



(24) &m¥- 11-510311 

* - # ^r^iri^M^o 

o r a y tfc/^<bA#-C#<5TG PH- 0 9 0 # — s<— X&> Z> 0 L7&»L# 

^t^r^aoT, tt7 5%(D*7L«<o**W»*r»fiKi-5o 

ifc^— Sr^tPo f7n^ffl©^^- ^{4 X ^ — Jlsfc^tZ frm*) Witt 



(25) ¥tm¥ 11-510311 

■MM***)'*— StSoT UWiJfcl^ J: 9 (cf/) D 

. 1 y=7^zlt(DiK\^ 1 ^7^fo(DT7Dy3 0£^pi-£ o 1 ifyJ^co'ry 

u>3 0CO6 0fifi%te x lOOml^tn 0 ^7 A<£>^ 7 P >\Z.fa ^i" 5 0 
»JCi"S. #-**>"<-^-£r, m*5»"?*<o^^^— t«*L*V^J:5^L 

fc^^n/c^-r^^. #< wf7P^M^iaoT^i^w^5tfc5 

«*<z>^:7i3:^«»£jfeLfc!7><^— 2 0 2 yi^^ 2 0 0(7) j: p/jrBjnLco 



(26) 



11-510311 



(27) 



ftm^ 11-510311 



a^^*3RL/c6 0li%ro77oy@^DuP o n ttt<OT- 3 0 m&%> 

, 4 ^ AtDjft^^TKtC 1 ^^jUC0^^n>-3 0 0>»l8«*A*L;fc 1 2lt^ 
— tr> hwiM^tf*Rr7oy3 OSgiSJS^PI'g-rSo ±IBco l 2fi%(^ 
T7nyM3 50mg|:, 3 0 0mg^^»t5 o 
4 

±^Lrcct9i-, f7ny^f6^7 1 =^tfi^Lt, &ji 5fift%co 

a*:4»IBfi : 5o i:^-W^f3^ »S1-£®^l¥^i?>^-h/i^ 
fc^J:^ l m g 7 ^ SriintSM^feS, ±.v^<D-ry ^ j-xd 
*t>*fc, 6 5 2ml ^:lt»*D-r5C <b J;oT^Mi"5 r t 

* LivBtiu 5 It%(Of 7 p yft*-jJ?^-^-(0 2 2^yf)tw 



(28) 



Vf&W- 11-510311 



3 0#<7>ftiasL wy- KSrtt^fc r^i^anu Lft<Tttftfe&v\ - 

DuP o n tttJJ^Am5t7>ft>'l 1 7 Srffll^ 



(29) 



11-510311 



^m^titcun^s ft*cBi-f ^-^*+-tf9 o~i o ott-3 o#n*»i-5 0 

^^>^^ltt)i:V\ 2 5 0mg(7)6MI^ 37-l/2mg(Df 
^u^^trO. 5^7^07k^^i-5o - <DlMi&V9& 5 ^ItttlL, 5 

S 0 L^L^^b, #£L<ti\ ±^L/cJ:9t-^^n>>(t:-r5 0 
ft^T\ 5 % 7 d y iSrti Lf:^-^-?: 5Ig«< . flfcl^T* -t 

m 2 / g<DPTX : £<Dtfn$:&&-tZ> 0 :0^-»f7D>ttill 3 — 



(30) 



famCD^U— 'KC06&$:JJ|V*T*&£5o ^tUi, J o h n s o n -M a t t h e 
•9 2 0 — 3 0 ^ J»<D~(D&&$:^ 0. 1-1 ^n^ft^^JWg 

Wfc4>f >^<D*—V v b 2 5 OJdfi, # — »K2 5 2^«S$tl 
T^5o M3\ ^e— ^ 2 5 4(:J:otl 0f>ffl"C 1 HJ&f"5 5 K 

^°y^U A 1 «I2 6 2^b7/^^^^^^t5o 2 0 0^>F 
tti£T\ B&IZO. 23ampsT\ * fcT/U 5 ^ $ A fi 0 . 1 5 a m p s X* 

, 1-5 0 h/uoHwffi#^JE*t*iJfflT*5wt«:AffiL/t:o T*=t>(DEE*) 



(31) 1-510311 

o wm&fcmt* y vj± (koh) t'^ta^^aot, t^s^-ms^ 

g^c m 2 t 0. 5mg|cm 2 (DfHlT'fc6„ 
MEA0M 

Sffi&lflK*:, CP^^5Mi if, I2^yfxi2^yf(7)f^y*^/u 
^r^co^ y- KSrfllo-CEKi-6. 



(32) ¥f&¥-\ 1-51031 1 

rate, «^.tf*atclt»S 

JRV*T\ ^(Dyu^mW&ftWlZ^T^ 1 0 0 O^b 1 5 0 0 p s i <Dffl<Df± 
1). *HI4JE*ttl 2 5 0 p s i , M8£S-fr5o -t*>EE*li, 1 0#Pfl«i«rt- 

4 6f*t'±#$t5^ 140-15 o^ffiffittfflrtcov^-fix^flffi-etja 
ttv*-c, ffi^^r 1 2 5 0 P s i icitw t(o-yu^mm^mn^m 

^ysrftffl-rso ^tivtitomwrnris^v ( tmeaj ) 302*1, 

tm^oX &tef&-fZ><, aW^U— Hi, WlfijLtffiLTI/^^ 

-Hi, ^7 p u-h"Cttft<. JSS^u-h3 1 2-efc5o BBSB^u-- Hi, 



(33) 



tmW- 11-510311 



"^ 3 0 6 tmW(D^-Y^y<-Mf^m^S 0 8 dSRl* <btiX^ >5„ ir^U— * 3 

na* itir-fey/y 3 0 2, 3 i o^-csrSv^^a:MjcJB'& 

itV^o Ztl^tMDmWi&TIz^)) <DT J — KfRU 3 1 2 12. SIB3 14-C* 
«*H4* M^ft>^6 0 2^f>M^ix, ttite. iitf, *Uffi£*Lfc*S 

fc^v, ^(^7)^«9. t:iM3i5i:J:ot|f$titi^ 0 L«ot, me 



(34) 



11-510311 



•^tt^tDy X/U6 0 6 0>«tt3felf\, #/X/U6 0 6C0ttJP 6 0 5«i, ^DfE^ 
A-6-0 6^f)M$n6if4H T-iyls K6 0 8tf>#®6 1 0 (Cfig^ty&^ft 

:©8*u*^>fr9 Met 9, r^7>-K6 0 8(?)» 
zommmmizxzT^?^ *j^ftj6 10^50 ^k- 



(35) 11-510311 
«JE (inherent voltage) t a 3 . H^mEE, &T>*r <Z>3£«0>J*3*tt\ resign 



(36) 



11-510311 



id as«Ffc_has*. mmmr^^v f±, ^:yv- N^^^Lti^^t-ioT^p 
»»m»tt, y *y-/i^y *y— /HMme* MStu-c, **y— /usfctt 



(37) 



tfrmW^ 11-510311 



*0 SttMtt, SffittS* (^o— K) , 1rt£t>lb3k<om 

f&fr^^ 0 21*, ^^/-;^/W9 0 4*mxmm9>9 9 0 6(C/^> 
^91 1 2&m^XW&m?>? 9 0 6fC7K>^iH$H5 

o frJWi£g 9 14 n/</l-zf 9 0 4^912 W«#ft<C(flrll*r 

i"n^»Bf*cfti9«-*t5r4:3flS#*LV>o > * ✓ -/Mr ^f* 9 1 6 tt, SIR* 



(38) 



11-510311 



2 6H ^^l^^ntiSM^ttit)^ M«ISI9 1 
lktiZ<DX* ;/^|4, ffiSl9 3 0£«5&9&^M9 3 2&ffll^Tf£» 

■f5-i:^s*^ti5-e*>5 5o Mz-tt. ^20ps il^DEt6rt^ 
4 4ft, 19ps i!CEi$ilT^St'fe55o - 5 LTft^£M9 4 4 f4, ffi 

3 0%Sr*iJffli-*)&>fc Ux*v\, 



(39) 



11-510311 



5 0 mHit¥fote&Mmm<Dfcfci)K mm, m^^m^x^cDmMmm^m 
zcommn, y ^ y-^^^^m^^x^m^r £ D #^#£L^y *y-/Mr 
y- Yt*y~- Yxm$L£frz> 0 ry- 

-^-tr^im. mi o^^^^c^LTt^m^^ffl^^o pt-RuT/ 

1 7 ^ tyfil 1 0 0 4 (Cg^ LTja ^) , ^(DMMnteP t 

ay-Kiooe (Mry-K) it ^y-/«t:i»^5 0 Lfc*s 

( + ) HzO + CH3->C0 2 + 6H + + 6e~ 
(-) 2H + + 2e--*Hz 
^ffiJE^^fl|jEiPifS i o 1 O^ctoT^^tbtL^o «8fctH 0 1 2^li«t*rflJ 
St5 a Hi lit ««£«tt*a>><*y — /ufi^lliSr^LTi^o *JW$S 



( 40 > 11-510311 

^<Dmm<nh o -^(onmtewm^, § mM<om$tx ^(d^^^j* zmm^&m 
mx&% 0 Lfc^oT, ^<D^wxumm7 ^ s\s?-fcm\s^frZ) 0 z<di$m-7 

Mobil) ^^^tt^^^ift?^ b^^tV^o il^-tf^^ hf± 

m*, 3~i o^->^^ h ^co^o-e/i i ^e> s-m&^ji^s*: 

12 3 C H3 O H > HzO, O2 , H2 
Jim, mn\tt^teU&<Dll%:m^3r7 4 hx, Jr^T^^ K AT'foot 



(41) 



tftmW- 11-510311 



mmi±s v?^m^iLxxi> ^<D&m^£z>mmtez tit. 
m&*?y? (cm^-vziT htix\s^z (Dxnte < , mmz&imztix i ^ ^ t x&> 

kfrx$z* 0 ii 3 0 011, -ry^^^mx^^t^±^\ ^y^^t^mn, 
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